Supplementary Movie 2: Endoderm mouth opening Single-channel movie showing the endodermal epithelial layer in an animal undergoing spontaneous mouth opening and closing. Because DsRed2 forms a tetramer too large to pass through nuclear pores, it is impossible to identify and track cell nuclei in the endoderm. We tracked vacuoles instead. Movie is recorded at 2.2 fps and played at 10 fps. Scale bar is 200 µm.
Supplementary Movie 3: Ectoderm and endoderm mouth opening Two-channel movie showing spontaneous opening and closing of both ectoderm (green) and endoderm (magenta). Ectoderm and endoderm are recorded by alternating between fluorescence channels at the fastest possible frame rate of 0.18 fps. Movie is played at 10 fps and the scale bar is 200 µm.
Supplementary Movie 4: Sideview movie of mouth opening Two-channel movie recorded from the side of the hypostome showing spontaneous opening and closing of both ectoderm (green) and endoderm (magenta). The endoderm can clearly be seen protruding through the ectoderm layer at the point of maximum opening. Movie is recorded at 0.18 fps and played at 10 fps. The scale bar is 100 µm.
Supplementary Movie 5: Feeding response Single-channel movie showing a reduced glutathione-induced opening of the ectodermal epithelial layer. Toward the end of this movie, the hypostome turns itself inside-out. Opening to this extent was observed only in a subset of animals undergoing reduced glutathione-induced opening. Movie is recorded at 2.2 fps and played at 10 fps. Scale bar is 200 µm. Supplementary Movie 6: Impaired feeding response in presence of magnesium chloride Single-channel movie showing a reduced glutathione-induced opening of the ectodermal epithelial layer in Hydra medium supplemented with 2.5% magnesium chloride (wt/vol). The head is exposed simultaneously to the stimulant and the relaxant as they are flushed as a mixture into the slide. Because we closed the shutter as the mixture was added, the image turns black in the movie. Although initially mouth opening is activated due to the presence of the reduced glutathione, it quickly closes as the animal relaxes in response to the muscle relaxant. Movie is recorded at 2.8 fps and played at 20 fps. The scale bar is 100 µm.
Supplementary Movie 7:
Squeezed Hydra contract This movie shows how a polyp in Hydra medium contracts in response to being squeezed with forceps. Movie is recorded at 5 fps and played at 10 fps. The scale bar is 1 mm.
Supplementary Movie 8: Bud mouth opening Single-channel movie showing spontaneous opening and closing of the ectodermal epithelial layer in a Hydra bud. Bud mouth opening dynamics are comparable to the opening dynamics of adult Hydra mouths, indicating that opening dynamics are independent of head size. The movie is recorded at 2.2 fps and played at 10 fps. Scale bar is 200 µm.
Supplementary Movie 9: Failed mouth opening Two-channel movie recorded from the side of the hypostome showing the spontaneous opening and closing of both ectoderm (green) and endoderm (magenta). As the ectoderm begins to open, the endoderm remains sealed and mouth opening fails. Movie is recorded at 0.18 fps and played at 10 fps. The scale bar is 100 µm. Figure 1 : Opening dynamics are conserved under different conditions. Ectoderm glutathione-induced mouth openings (N=8) are comparable to ectoderm spontaneous mouth openings (N=19) in terms of (A) absolute size, and (B-C) opening rates. To ensure that friction between the hypostome and the cover slip during imaging did not change mouth opening dynamics, cover slips were coated with Sigmacote (N=9) and BSA (N=7), respectively, and opening dynamics were compared to data obtained using uncoated slides. No difference was observed between the data with respect to (D) absolute size or (E-F) opening rate. Opening dynamics are not influenced by differences of head size as indicated by the similarity of (G) absolute size and (H-I) opening rates between adult Hydra and buds (N=10). Tissue spheres containing only ectodermal or endodermal tissue were created as described in Materials and Methods. One ectoderm and one endoderm sphere were then placed in contact and imaged after (A) 2 hours, (B) 18 hours, (C) 48 hours and (D) 66 hours. The ectodermal cells spread over the endodermal sphere, eventually completely enclosing it. As the recombined tissue spheres were able to regenerate a complete Hydra, the dissociation treatment used to obtain tissue samples for parallel plate compression clearly does not impair tissue properties or cell viability. Scale bars are 200 µm.
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